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Description 

BACKGROUND OF THE INVENTION 

a) Field of the Invention 

The present invention relates to a liquid crystal de- 
. vice, and more particularly to an optical compensator for 
widening a fieid of view of a hormeotropic (vertical ori- 
entation type) liquid crystal display device having liquid 
crystal molecules oriented In the direction vertical to the 
substrates. 

b) Description of the Related Art 

There is known a homeotropic liquid crystal display 
device which includes liquid crystal molecules oriented 
substantially in the direction vertical to the substrates, 
and crossed polarizers sandwiching the homeotropic 
liquid crystal cell. 

During ari off -state while no voltage is applied to the 
liquid crystal cell, light passed through one polarizer is 
not affected by the liquid crystal cell, reaches the other 
polarizer, and is intercepted by it. 

Light incident to the substrate in the vertical direc- 
tion poses no problem. However, as the incident angle 
o1 light departs from the vertical direction, the polariza- 
tion of the incident light is affected by liquid crystal bire- 
fringence so that some incident light may transmit 
through the other polarizer, which should otherwise in- 
tercept the incident light. The contrast between the on- 
and off-states therefore lowers, and what is worse the 
white and black are reversed in some cases. 

Therefore, in the case of a homeotropic liquid crys- 
tal display device having liquid crystal molecules orient- 
ed substantially in the direction vertical to the sub- 
strates, the field of view considerably limited. Us;e of 
optical compensation plates has been proposed in order 
to enlarge the field of view. 

Fig. 3 shows an example of optical compensation 
applied to a vertical orientation type liquid crystal display 
device, as disclosed for Instance in EP-A-0 379 315. 

In Fig. 3, under a polarizer 11 on the incoming light 
side, there is disposed a liquid crystal cell 12 construct- 
ed of a substrate 13, a liquid crystal layer 14, and an- 
other substrate 15. Under this liquid crystal cell 12, there 
are disposed an optical compensation plate 16 and an- 
other polarizer 1 7 on the outgoing light side in this order. 
The two polarizers 11 and 17 constitute crossed linear 
polarizers mounted perpendicularly to each other. 

Each liquid crystal molecule 18 has a large refrac- 
tive index n^LQ along the major or principal axis, and a 
uniform low refractive index n^i^Q direction in a plane 
perpendicular to the major axis. The refractive index 
n^Lc is larger than the refractive index n^Lc '•® « "^eLC > 
^oLC (positive optical activity). The optical compensation 
plate 16 is made of uniaxial optical medium having an 
optical axis vertical to the substrates, the refractive in- 



dex ngcomp optical axis direction being smaller 

than the refractive index nocomp ^he in-plane direction 
(negatice optical activity). 

The liquid crystal layer 14 has a positive optical ac- 
tivity, whereas the optical compensation plate 16 has a 
negative optical activity. These positive and negative 
optical activities compensate each other to widen the 
field of view of the liquid crystal display device. 

Fig. 4 shows another example of an optical compen- 
sation mechanism, as disclosed for instarice in US-A-4 
385 806. 

A liquid crystal cell 12 is formed of a liquid crystal 
layer 14 sandwiched by substrates 13 and 15. Optical 
compensation plates 22 and 26 are disposed on the out- 
er sides of the substrates 1 3 and 15. On the outermost 
sides of the device, there are disposed crossed polariz- 
ers 21 and 27. Similar to the liquid crystal cell shown in 
Fig.3, the liquid crystal molecules 18 of the liquid crystal 
cell 1 2 are oriented substantially in the direction vertical 
to the substrates 13 and 15 during the state while no 
voltage is applied thereto, providing a positive optical 
activity. 

The optical compensation plate 22 has biaxial opti- 
cal anisotropy, and its refractive indices have a relation- 
ship n1 > n2 > n3. The axis having the smallest refractive 
Index n3 (z-axis) is aligned in the direction of thickness 
of the optical compensation plate 22. The axes having 
the largest and next largest refractive indices n1 (y-axis) 
and n2 (x-axis) are aligned in the in-plane direction of 
the optical compensation plate 22. 

Similar to the optical compensation plate 22, the 
other optical compensation plate 26 is made of biaxial 
optical medium having refractive indices of n1 > n2 > 
n3. The axis having the smallest refractive index n3 is 
aligned in the direction of thickness of the optical com- 
pensation plate 26. The direction of the optical axis for 
the second largest refractive index n2 of the optical com- 
pensation plate 26 is aligned in the y-axis direction for 
the largest refractive index n1 of the optical compensa- 
tion plate 22. The direction of the optical axis for the larg- 
est refractive index n1 of the optical compensation plate 
26 is therefore aligned in the optical axis direction for 
the second largest refractive index n2 of the optical com- 
pensatbn plate 22. 

In a combination of the optrcal compensation plates 
22 and 26, the refractive indices in the x-axis direction 
are n1 and n2, and the refractive indices in the y-axis 
direction are n2 and nl . Accordingly, the optical charac- 
teristic in the in-plane direction is generally homogene- 
ous. The refractive index in the z-axis direction is the 
smallest refractive index n3. The combination of the op- 
tical compensation plates 22 and 26 thus provides a 
negative optical activity as a whole. 

The polarizing axes PI and P2 of the crossed po- 
larizers 21 and 27 disposed on the outer sides of the 
optical compensation plates 22 and 26, are aligned in 
the directions inclined by 45 degrees relative to the x- 
and y-axes. 
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The thickness of each of the optical compensation 
plates 22 and 26 is preferably set to such value which 
causes the polarized components in the x- and y-axis 
directions to have a phase difference (retardation) of a 
quarter wavelength A/4. 5 

A combination of a linear polarizer and a X/A wave- 
length plate forms a circular polarizer. By using the op- 
tical compensation plates 22 and 26 having inter- 
changed refractive indices in the in-plane x and y direc- 
tions and a thickness of V4, one combination of the op- 
tical compensation plate and a linear polarizer provides 
dextrorotation, and the other combination provides lev- 
orotation. 

Fig. 5 shows another example of an optical compen- 
sation mechanism for widening the fieW of view. A liquid 
crystal cell 1 2 is formed by a liquid crystal layer 1 4 sand- 
wiched by substrates 13 and 15. Optical compensation 
plates 32 and 36 are disposed on the outer sides of the 
substrates 1 3 and 1 5. On the outermost sides of the de- 
vice, there are disposed crossed polarizers 31 and 37. ^ 
This arrangement is the same as that shown in Fig.4. 

in this example, a retardation plate 32 interposed 
between the liquid crystal cell 12 and polarizer 21 is 
made of uniaxial optical material having an optical axis 
aligned in the in -plane (x-axis) directksn. 

Another retardation plate 36 interposed between 
the liquid crystal cell 12 and polarizer 27 is made of 
uniaxial optical medium having an optical axis aligned 
in another perpendicular in-plane (y-axis) direction. In- . 
plane an-ows of the retardation plates 32 and 36 shown ^ 
in Fig.5 Indicate the drawing or pulling direction of the 
plates during the manufacturing process. 

The combination of the retardation plates 32 and 36 
corresponds to optical medium providing a negative op- 
tical activity. By setting the thicknesses of the retardation 3S 
plates 32 and 36 to such values providirig a phase dif- 
ference (retardation) of a quarter wavelength X/4, the 
"combination of the polarizer 21 and retardation plate 32 
constitutes a dextrorotary circular polarizer, and the 
combination of the polarizer 27 and retardation plate 36 ^ 
constitutes a levorotary circular polarizer. 

The structure shown in Fig.4 necessitates a use of 
biaxial optical material, complicating the manufacturing 
process. In contrast with this, the structure shown In Fig. 
5 uses uniaxial optical material, simplifying the manu- ^ 
facturing process. 

The above-described three structures are com- 
pared with each other in connection with their fields of 
view at a display area having a contrast 5 : 1 or more. 
The structure shown In Fig. 3 provides the field of view 5o 
about 50 degrees, that shown In Fig.4 provides the field 
of view about 30 degrees, and that shown In Fig.S pro- 
vides the field of view about 25 degrees. The transmis- 
sion factors of vertically incident light during the on-state 
are about 1 .5% for the structure shown in Flg.3, about 55 
2.5% for the structure shown in Fig.4, and about 2.5% 
for the structure shown in Fig.5. 

Namely, in the case of the structure shown in Fig.3 



wherein a liquid crystal cell is compensated by a single 
optical compensation plate having a negative optical ac- 
tivity, although the field of view becomes wide, only a 
tow transmission factor can be obtained. 

In the case of the structures shown in Figs. 4 and 5 
wherein a liquid crystal cell Is sandwiched by circular 
polarizers each constructed of a linear polarizer and an 
optical compensation plate or retardation plate, al- 
though the transmission factor can be increased by 
about 50%, the field of view Is narrow. 

Of the structures shown In Figs. 3 to 5, the structure 
shown in Fig.S provides the easiest manufacturing proc- 
ess. However, this structure makes the field of view nar- 
rowest. 

As described above, conventional techniques are 
difficult to provide an optical compensation means for 
compensating the optical characteristics of a vertical ori- 
entation type liquid crystal display device and providing 
a wide field of view and a high transmission factor. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
homeotropk; liquid crystal device having an optical com- 
pensation means capable of improving the optical char- 
acteristics of the device. 

It is another object of the present invention to pro- 
vide an optical compensation device for a homeotropic 
liquid crystal display device having circular polarizers 
made of optical material easy to process during manu- 
facturing, capable of improving a transmission factor 
without narrowing the field of view. 

In accordance with the present Invention a liquid 
crystal display device as set forth in claim 1 is provided. 
A preferred embodiments of the present Invention is dis- 
closed in the dependent claim. 

According to one aspect of the present inveritidn, 
there Is provldeda homeotropic liquki crystal display de-- -^ 
vice Including: a liquid crystal cell having nematic liquid 
crystal whose molecules being oriented substantially in 
the direction vertical to substrates under a state while 
no electric field Is applied, the liquid crystal having a pos- 
itive optical activity with an optical axle being aligned In 
the direction vertical to the substrates; a first retardation 
plate mounted on one side of the liquid crystal cell for 
providing a phase difference of substantially a quarter 
wavelength (A/4), the first retardation plate having a pos- 
itive optical activity with an optical axis being aligned In 
one in-plane direction parallel with the substrates; a first 
polarizer mounted on the outer side of the first retarda- 
tion plate and having a polarizing axis in an in-plane di- 
rection parallel with the substrates, the in-plane direc- 
tion being inclined by about 45 degrees relative to the 
optical axis of the first retardation plate; a second retar- 
dation plate mounted on the other side of the liquid crys- ' 
tal cell for providing a phase difference of substantially 
a quarter wavelength (A/4), the first retardation plate 
having a negative optical activity with an optical axis be- 
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ing aligned in an in-plane direction parallel with the sub- 
strates, the tn-plane direction being substantially paral- 
lel with the optical axis of the first retardation plate; and 
a second polarizer mounted on the outer side of the sec- 
ond retardation plate and having a polarizing axis in an s 
in-plane direction parallel with the substrates, the in- 
plane directbn being substantially perpendicular to the 
polarizing axis of the first polarizer. 

' According to another aspect of the present inven- 
tion, there is provided an optical compensation device 
for a liquid crystal display device, including: a central 
structure having a pair of substrates and optical com- 
pensation means, the pair of substrates defining a 
space for containing a liquid crystal, and the optical com- 
pensation means having a negative optical anisotropy is 
with an optical axis being aligned in a directbn vertical 
to the substrates; and phase shift means having a pair 
of uniaxial optical medium plates disposed on the outer 
sides of the central structure, one of the pair of plates 
having a positive optical activity .with an optical axis be- 20 
ing aligned in one in-plane direction, and the other of 
the pair of plates having a negative optical activity with 
an optical axis being aligned in an in-plane direction par- 
allel with the one in-plane direction. 

A first circular polarizer is formed by the first retar- zs 
dation plate with Its optical axis being aligned in one in- 
plane direction and the first polarizer. A second circular 
polarizer is formed by the second retardation plate with 
its optical axis being aligned in an In-plane direction par- 
allel with the optical axis of the first retardation plate. 30 
With this arrangement, the total transmission factor of 
the liquid crystal panel can be improved. 

The first retardation plate is nnade of material having 
a positive optical activity, and the second retardation 
plate is made of material having a negative optical ac- ss 
tivity. 

Use of these circular polarizers and the optical com- 
pensation meains ensures a wide field of view. 

It is therefore possible to provide a liquid crystal dis- 
play device which is simple in manufacturing; and has 40 
a wide field of view and a high transmission factor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a schematic diagram showing the structure 45 
of a liquid crystal display device with optical compensa- 
tion according to an embodiment of the present inven- 
tion. 

Figs.2A to 2C are diagrams explaining the opera- 
tion of the liquid crystal display device shown in Fig. 1 . 

Fig. 3 is a schematic diagram showing an example 
of a conventional liquid crystal display device with opti- 
cal compensation. 

Fig. 4 is a schematic diagram showing another ex- 
ample of a conventional liquid crystal display device with ss 
optical compensation. 

Fig.5 is a schematic diagram showing another ex- 
ample of a conventional liquid crystal display device with 



optical compensation. 

Figs.6 and 7 are graphs showing simulated results 
of the optical characteristics of a liquid crystal display 
device according to the present invention. 

Figs. 8 and 9 are graphs showing simulated results 
of the optical characteristics of a liquid crystal display 
device according to a prior art. 



Fig.1 shows the structure of an embodiment of a 
liquid crystal display device according to the present in- 
vention. A homeotropic liquid crystal cell 10 contains a 
nematic liquid crystal layer 4 between a pair of sub- 
strates 3 and 5 such as glass plates, f^olecules 8 of the 
nematic liquid crystal have a high refractive index in the 
direction of its major or principal axis. The liquid crystal 
molecules 8 are oriented substantially in the direction 
vertical to the substrates 3 and 5 under the condition 
that no electric field is applied. 

In this condition, the liquid crystal layer 4 provides 
a high refractive index n^L^ in the direction vertical to 
the substrates 3 and 5, and a uniform low refractive in- 
dex NoL.Q In the in-plane direction. In other words, the 
liquid crystal layer 4 provides a positive optical activity. 

An optical compensation plate 9 is mounted on one 
side of the liquid crystal cell 10. This optical compensa- 
tion plate 9 has a uniaxial and negative optical anisot- 
ropy and a smaller refractive index in the z-axis direction 
perpendicular to the plane of this optical compensation 
plate 9. The negative optical anisotropy of the optical 
compensation plate 9 compensates the positive optical 
anisotropy of the liquid crystal layer 4, The optical com- 
pensation plate 9 may be made of ionomer available 
from Mitsui Du Pont Polychemical Corp. under the mer- 
chandise name "HI -Ml LAN", or polycarbonate. 

On the outer sides of the liquid crystal cell 10 and 
optical compensation plate 9, there are disposed retarr 
dation plates 2 and 6. The retardation plate 2 is made 
of polycarbonate for example, and has a uniaxial optical 
anisotropy having a higher refractive index ne in one In- 
plane direction (x-axis direction) than in other directions. 
The retardation plate 6 is made of polystyrene for ex- 
ample, and has a uniaxial optical anisotropy having a 
lower refractive index no in the same in-plane direction 
(x-axis direction) than in other directions. 

Therefore, the retardation plate 2 provides a posi- 
tive optical activity with its optical axis being aligned in 
the x-axis direction, whereas the retardation plate 6 pro- 
vides a negative optical activity with its optical axis being 
aligned in the same x-axis direction. The total effect of 
retardation by both the retardation plates 2 and 6 is can- 
celed out. A pair of crossed polarizers 1 and 7 is providr 
ed on the outer sides of the retardation plates 2 and 6. 
The polarizing axes PI and P2 of the polarizers 1 and 
7 are aligned in the directions inclined by 45 degrees 
relative to the x- and y-axes. 



DETAILED DESCRIPTION OF THE PREFERRED 
10 EMBODIMENTS 
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For a pair of circular polarizers according to a prior 
art, retardation plates of the same optical characteristics 
are mounted in a crossed configuration. According to 
the present invention, retardation plates having the op- 
posite optical characteristics are mounted with the opti- s 
cal axes of their uniaxial optical media being aligned In 
the same direction. 

The thicknesses of the retardation plates 2 and 6 
are preferably selected to such values providing a phase 
difference of a quarter wavelength X/4. With the phase io 
difference of the quarter wavelength X/4, the linear po- 
larizer 1 and retardation plate 2 constitute a dextrorotary 
circular polarizer and the linear polarizer 7 and retarda- 
tion plate 6 constitute a levorotary circular polarizer. 

Figs.2A to 2C are schematic diagrams explaining is 
the operation of the liquid crystal display device shown 
in Fig.1. Light incident to the polarizer 1 from the exter- 
nal is converted into linearly polarized light. The polar- 
izing axis PI of the polarizer 1 has an angle of 45 de- 
grees relative to the x- and y-axes. The polarized light 20 
components in the x-and y-axis directions have the 
same phase and intensity as shown in Fig.2A. 

As the thickness of the retardation plate having a 
larger refractive index in the x-axis direction is set to a 
value providing a phase difference of A/4, the polarized 2S 
light component in the x-axis direction having passed 
the retardation plate lags by a X/4 from the polarized light 
component in the y-axis direction. 

As the polarized light component in the x-axis direc- 
tion lags in phase by a A/4 from the polarized light com- 30 
ponent in the y-axis direction as shown in Flg.2B on the 
right side, the combined polarized light becomes circu- 
larly polarized light rotating in the clockwise direction in 
the inplane ot the retardation plate as shown in Fig.2B 
on the left side. 3S 

For the retardation plate having a lower refractive 
index in the x-axis direction, the polarized light compo- 
nent in the x-axis direction advances in phase by a A/4 

from the polarized light component in the y-axis, as op- 
posed to the case of Fig.2B. These polarized light com- 40 
ponents Ex arid Ey are shown in Fig.2C on the right side. 
The combined polarized light rotates In the counter- 
clockwise in the in-plane of the retardation plate as 
shown in Fig.2C on the left side. 

The retardation plate 2 having the positive optical 45 
activity is made of, e.g., a polycarbonate film pulled or 
drawn in one direction in plane of the sheet. The thick- 
ness of the polycarbonate film is set to a value providing 
a phase difference of A/4, for example a thickness of 
about 2.5 |im. 50 

The retardation plate 6 having the negative optical 
activity is made of, e.g., a polymethyl methacrylate (PM- 
MA) film drawn in one direction. The thickness of the 
retardation plate 6 Is also set to a value providing a 
phase difference of A/4 for example a thickness of about 
2.5 ^m. The dispersion of a refractive Index of these 
films is 5% or less over the visible light range from 440 
nm to 700 nm. 



A parasitic transmission factor T given by the dis- 
persion of a transmission factor is expressed by T < sin^ 
(0. 025 n) or T < 0.2% which hardly affects the opera- 
tion of display devrces of this kind. 

With the structure of the liquid crystal display device 
described above, it is possible to wide the field of view 
to about 50 5 : degrees (contrast = 1 ) and raise the 
transmission factor by about 2.5% during an on-state, 
as shown in Figs.6 and 7. 

The graphs shown in Figs.6 and 7 show the simu- 
lated results of the transmission factor relative to a radial 
view angle for light having a wavelength of 0.55 }im. For 
a liquki crystal display devk:e used for this simulation, 
the retardation plate 2 of the positive optical activity was 
set to n© = 1 .555, n^, = 1 .6, and a film thickness d = 2.5 
^m, the liquid crystal cell 10 having the positive optical 
activity was set to And=[(ngLC * "oLc) * thickness] = 1 
^m, the optical compensation plate 9 was set to And= 
[("eLC ■ "oLc) * thickness] = - 0.8 \im, and the retardation 
plate 6 having the negative optical activity was set to n^ 
= 1 .5, n^ = 1 .555, and a film thickness d = 2.5 |im. For 
the comparison sake, the simulated results for another 
liquid crystal display device are shown in Figs.8 and 9, 
this device having retardation plates 2 and 6 whose op- 
tical axes are set perpendicular to each other, with the 
settings of n^ = 1.555, n^ = 1.5, and a film thickness = 
2.5 ^im. 

The present invention has been described in con- 
nection with the preferred embodiments. The present in- 
vention is not Intended to be limited only to the above- 
described embodiments, but it is obvious that various 
changes, improvements, combinations and the like are 
possible within the scope of the appended claims for 
those skilled in the art. 



Claims 

1 . A homeotropic liquid crystal display devrce compris- 
ing: - ■- 

a liquid crystal cell (10) having a pair of sub- 
strates (3, 5) and a nematic liquid crystal layer 
(4) sandwiched therebetween and including 
molecules (8) oriented substantially vertical to 
the substrates under no application of electric 
fiekd between said pair of substrates, said liquid 
crystal layer having a positive optical activity 
with an optical axis aligned vertical to the sub- 
strates; 

a first retardatk>n plate (2) mounted on one side 
of said liquid crystal cell for providing a phase 
difference of substantially a quarter wave- 
length, said first retardation plate having a pos- 
itive optical activity with an opircal axis aligned 
in one in-plane direction parallel with the sub- 
strates; 

a first polarizer (1) mounted on the outer side 
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of said first retardation plate and having a po- 
larizing axis in an in-plane direction parallel with 
the substrates, said in-plane direction being in- 
clined by about 45 degrees relative to the opti- 
cal axis of said first retardation plate; 
a second retardation plate (6) mounted on the 
other side of said liquid crystal cell tor providing 
a phase difference of substantially a quarter 
wavelength, said second retardation plate hav- 
ing a negative optical activity with an optical ax- 
is aligned in parallel with said optical axis of 
said first retardation plate, said positive and 
negative optical activities being opposite in 
sign; 

a second polarizer (7) mounted on the outer 
. side of said second retardation plate and hav- 
ing a polarizing axis in an in-plane direction par- 
allel with the substrates, and substantially per- 
pendicular to the polarizing axis of said first po- 
larizer; and 

an optical compensation plate (9) having a 
uniaxial negative optical anisotropy with an op- 
tical axis being aligned in a direction vertical to 
the substrates for compensating the optical an- 
isotropy of the nematic liquid crystal layer 

A homeotropic liquid crystal display device accord- 
ing to claim 1 , wherein said first retardation plate (2) 
is made of a polycarbonate film pulled in one in- 
plane direction, and said second retardation plate 
(6) Is made of a poly methyl methacrylate film pulled 
in one In-plane direction. 



Patentanspruche 

1. Eine homootropische Flussigkristallanzeigevor- 
richtungrdie folgendes aufweist: 

eine Flussigkristallzelle (10) mit einem Paar 
von Substraten (3, 5) und einer nematischen 
FIQsslgkristallschicht (4) sandwichartig dazwi- 
schen und einschlieGlich Molekulen (B), die im 
wesentlichen vertikal zu den Substraten orien- 
tiertsind, wenn kein elektrisches Feld zwischen 
dem erwahnten Paar von Substraten angelegt 
1st, wobei die Flusslgkrislallschlcht eine positi- 
ve optische Aktivltat mIt einer optischen Achse, 
ausgerichtet vertikal zu den Substraten besitzt; 
eine erste Verzogerungsplatte (2). angebracht 
auf einer Seite der FlOssigkristallzelle zur Er- 
zeugung einer Phasendiff erenz von im wesent- 
lichen einer Viertel Wellenlange. wobei die er- 
ste Verzogerungsplatte eine positive optische 
Aktivitat besitzt, und zwar mit einer optischen 
Achse. ausgerichtet in einer In-Ebene-Rich- 
tung parellel zu den Substraten; einen ersten 
Polarisierer (1), angebracht auf der AulBenseite 
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der erwahnten ersten Verzogerungsplatte und 
mit einer Polarisationsachse in einer In-Ebene- 
Richtung parallel mit den Substraten, wobei die 
In-Ebene-Richtung um 45** bezuglich der opti- 
schen Achse der ersten Verzogerungsplatte 
geneigt ist; 

eine zweite Verzogerungsplatte (6), ange- 
bracht an der anderen Seite der FlOssigkristall- 
zelle zur Erzeugung einer Phasendiff erenz im 
wesentlichen einer Viertel Wellenlange, wobei 
die zweite Verzogerungsplatte eine negative 
optische Aktivitat mit einer optischen Achse, 
ausgerichtet parallel mit der erwahnten opti- 
schen Achse der ersten Verzogerungsplatte 
aufweist, und wobei die positiven und negati- 
ve n optischen Aktivltaten entgegengesetztes 
Vorzeichen besitzen; 

einen zweiten Polarisierer (7), angebracht auf 
der AuQenseite der envahnten zweiten Verzo- 
gerungsplatte und mit einer Polarisationsachse 
in einer In-Ebene-Richtung parallel mit den 
Substraten, und zwar im wesentlichen senk- 
recht zu der Polarisationsachse des ersten Po- 
larisierers; und 

eine optische Kompensationsplatte (9) mit ei- 
ner uniaxialen negativen optischen Anisoptro- 
pie mit einer optischen Achse, ausgerichtet in 
einer Richtung vertikal zu den Substraten zum 
Kompensieren der optischen Anisotropie der 
nematischen FlQssigkristallschicht 

Homootropische Flussigkristallanzeigevorrichtung 
gemafJ Anspruch 1, wobei die erste Verzogerungs- 
platte (2) aus einer Polycarbonatschicht oder einem 
-film besteht, und zwar gezogen in einer In-Ebene- 
Richtung, und wobei die zweite Verzogerungsplatte 
(6) aus einem Polymethylmethacrylatfllm oder einer 
' ^ schicht, gezogen-in einer ln-Ebene-Rfchtung, her- 
gestellt ist. 



Revendlcallons 

1. Dispositif d'affichage k cristaux liquides 
45 comprenant : 

une cellule a cristaux Iquides (10) comportant 
une paire de substrats (3,5) et une couche de 
cristaux liquides nSmatiques (4) prise en sand- 
so , wich entre ces substrats et contenant des mo- 

lecules (8) orientees sensiblement orthogona- 
lement aux substrats en I'absence d'appllcatlon 
d'un champ §lectrique entre la paire de subs- 
trats, la couche de cristaux Iquldes ayant une 
activity optique positive d'axe optk:|ue orthogo- 
nal aux substrats ; 

une premiere lame ^ retard (2) montde d'un c6- 
td de la cellule ^ cristaux liquides pour fournir 
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une difference de phase sensiblement d'un 
quart de longueur d'onde. la premiere lame k . 
retard ayant une activity optique positive d'axe 
optique dans une direction paralldle au plan 
des substrats ; ^ 
.un premier polariseur (1 ) mont6 sur la face ex- 
teme de la premiere lame k retard ayant un axe 
de polarisation dans un plan parall^le aux subs- 
trats, la direction dans le plan etant inclinde 
d'envircn 45 degres par rapport a I'axe optique io 
de la premiere lame k retard ; 
une seconds lame k retard (6) montee de 
I'autre c5t6 de la cellule k cristaux llquides pour 
fournir une difference de phase sensiblement 
tf un quart de longueur d'ondes, ta seconde la- 
me k retard ayant une actlvite optique negative 
et un axe optique parallele k Taxe optique de la 
premiere lame k retard, les actlvites optlques 
positive et negative etant de sens opposes ; 
un second polariseur (7) mont6 sur la face ex- 20 
teme de la seconde lame a retard et ayant un 
axe de polarisation dans un plan paralieie aux 
substrats et sensiblement perpendiculaire k 
Taxe de polarisation du premier polariseur ; et 
une lame de compensation optique (9), ayant 
une anisotropie optique uniaxe negative d'axe 
optique align e dans une direction orthogonale 
aux substrats pour compenser I'anisotrople op- 
tique de la couch e de cristaux liquides nemati- 
ques. 
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Dispositif d'affichage a cristaux liquides hom6otro- 
pes selon la revendication 1 . dans lequel la premie- 
re lame k retard (2) est constituee d'un film de po- 
lycarbonate etir6 dans une direction dans le plan, 3S 
et la seconde lame k retard (6) est constituee d'un 
film de methacrylate de polymdthyle etire dans une 
direction dans le plan. * — 



40 



45 



so 



ss 



7 



EP 0 538 796 A1 



FIG. I 
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FIG. 3 

( PRIOR ART ) 
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FIG. 4 

( PRIOR ART ) 
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FIG. 5 

( PRIOR ART ) 
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FIG. 6 
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FIG.8 
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